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The present invention discloses that BNIP3 (Bcl2/adenovirus EIB 
19kD-interacting protein 3) protein induces necrosis-like cell death 
independent of Apaf-1, caspases activation, and mitochondrial cytochrome c 
release. The invention also provides the isolated and purified 
BNIP3 protein and a method for inducing cell death by creating a 
transgene overexpressing BNIP3 protein in the transfecting 
cells, such as cardiac myocytes. In particular, the 
BNIP3 overexpression initiates a cell death pathway including 
activation of the cell death by protein integration into the outer, 
mitochondrial membrane, opening of the permeability transition (PT) pore 
which is independent of caspases, Apaf-1 and cytochrome c release, and 
manifestation of the mitochondrial dysfunction, plasma membrane damage and 
the morphol . of necrosis. The invention also provides vectors encoding 
BNIP3 or its mutant form DN NIP with promoters for uses 
in gene therapy, and methods of treating diseases by inducing or 
inhibiting necrosis. 
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ACCESSION NUMBER: 2002498687 MEDLINE 
DOCUMENT NUMBER: PubMed ID: 12226479 

TITLE : Hypoxia and acidosis activate cardiac myocyte 

death through the Bcl-2 family protein BNIP3 . 

AUTHOR: Kubasiak Lori A; Hernandez Olga M; Bishopric Nanette H; 

Webster Keith A 

CORPORATE SOURCE: Department of Molecular and Cellular Pharmacology, 

University of Miami Medical Center, Miami, FL 33136, USA. 

CONTRACT NUMBER: HL4457 8 (NHLBI) 

HL69812 (NHLBI) 

SOURCE: Proceedings of the National Academy of Sciences of the 

United States of America, (2002 Oct 1) Vol. 99, 
No. 20, pp. 12825-30. Electronic Publication: 2002-09-11. 
Journal code: 7505876. ISSN: 0027-8424. 

PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE : English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 2 0 0211 

ENTRY DATE: Entered STN: 3 Oct 2002 

Last Updated on STN: 5 Jan 2003 

Entered Medline: 13 Nov 2002 
AB Coronary artery disease leads to injury and loss of myocardial 

tissue by deprivation of blood flow (ischemia) and is a major underlying 

cause of heart failure. Prolonged ischemia causes necrosis and apoptosis 

of cardiac myocytes and vascular cells; however, the mechanisms 

of ischemia-mediated cell death are poorly understood. Ischemia is 

associated with both hypoxia and acidosis due to increased glycolysis and 

lactic acid production. We recently reported that hypoxia does not induce 

cardiac myocyte apoptosis in the absence of acidosis. We now 

report that hypoxia-acidosis -associated cell death is mediated by 

BNIP3, a member of the Bcl-2 family of apoptosis -regulating 

proteins. Chronic hypoxia induced the expression and accumulation of 

BNIP3 mRNA and protein in cardiac myocytes, but acidosis 

was required to activate the death pathway. Acidosis stabilized 

BNIP3 protein and increased the association with mitochondria. 

Cell death by hypoxia -acidosis was blocked by pretreatment with antisense 

BNIP3 oligonucleotides. The pathway included extensive DNA 

fragmentation and opening of the mitochondrial permeability transition 

pore, but no apparent caspase activation. Overexpression of wild-type 

BNIP3, but not a translocation-def ective mutant, 

activated cardiac myocyte death only when the myocytes 

were acidic. This pathway may figure significantly in muscle 

loss during myocardial ischemia. 
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PubMed ID: 12169648 

Inducible expression of BNIP3 provokes 

mitochondrial defects and hypoxia -mediated cell death of 
ventricular myocytes. 

Regula Kelly M; Ens Karen; Kirshenbaum Lorrie A 
Institute of Cardiovascular Sciences, St Boniface General 
Hospital Research Centre, and the Department of Physiology, 
Faculty of Medicine, University of Manitoba, Winnipeg, 
Mani toba , Canada . 

Circulation research, (2002 Aug 9) Vol. 91, No. 
3, pp. 226-31. 

Journal code: 0047103. E-ISSN: 1524-4571. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200208 

Entered STN: 10 Aug 2002 
Last Updated on STN: 23 Aug 2002 
Entered Medline: 22 Aug 2002 
In this study, we provide evidence for the operation of BNIP3 as 
a key regulator of mitochondrial function and cell death of ventricular 
myocytes during hypoxia. In contrast to normoxic cells, a 
5.6-fold increase (P<0.05) in myocyte death was observed in 
cells subjected to hypoxia. Moreover, a significant increase in 
BNIP3 expression was detected in postnatal ventricular 
myocytes and adult rat hearts subjected to hypoxia. An increase 
in BNIP3 expression was detected in adult rat hearts in vivo 
with chronic heart failure. Subcellular fractionation experiments 
indicated that endogenous BNIP3 was integrated into the 

mitochondrial membranes during hypoxia. Adenovirus -mediated delivery of 

full-length BNIP3 to myocytes was toxic and provoked 

an 8. 3 -fold increase (P<0.05) in myocyte death with features 

typical of apoptosis. Mitochondrial defects consistent with opening of 

the permeability transition pore (PT pore) were observed in cells 

expressing BNIP3 but not in cells expressing BNIP3 

missing the carboxyl- terminal transmembrane domain (BNIP3DeltaTM) , 

necessary for mitochondrial insertion. The pan-caspase inhibitor 

z-VAD-fmk (25 to 100 micromol/L) suppressed BNIP3-induced cell 

death of ventricular myocytes in a dose -dependent manner. 

Bongkrekic acid (50 micromol/L), an inhibitor of the PT pore, prevented 

BNIP3-induced mitochondrial defects and cell death. Expression of 

BNIP3DeltaTM suppressed the hypoxia- induced integration of the endogenous 

BNIP3 protein and cell death of ventricular myocytes. 

To our knowledge, the data provide the first evidence for the involvement 
of BNIP3 as an inducible factor that provokes mitochondrial 
defects and cell death of ventricular myocytes during hypoxia. 
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Antibody, antisense oligonucleotides and 

mutant NIP3 protein for modulating necrosis 

and for treating neurol . and cardiovascular diseases 

Greenberg, Arnold H.; Geiger, Jonathan D.; 
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AB Methods and compns . for modulating necrosis and for treating neurol . and 
cardiovascular diseases are described. The inventors have shown that 
BNIP3 is involved in cell necrosis and cell death involved in 
cardiovascular and neurol. diseases. BNIP3 was expressed and 
integrated into mitochondrial membranes . Broad spectrum caspase 
inhibitors Ac- zVAD-FMK and baculovirus p35 failed to inhibit BNIP3 
induced cell deaths. BNIP3 did not activate caspases and 
BNIP3 did not induce mitochondrial cytochrome c release. 
BNIP3 induced cell death in the absence of a PAF-1, caspase- 9, or 
caspase-3. BNIP3 induced rapid plasma membrane permeability but 
not PE externalization. BNIP3 induces the ultrastructural 
changes of necrosis. BNIP3 mRNA and protein levels increased 
with excitotoxicity and glutamate increased BNIP3 expression. 
BNIP3 expression caused neuronal cell death and BNIP3 

-induced neuronal cell death in excitotoxicity required protein synthesis 
but was largely independent of caspase activity. Hypoxia induced 
expression of BNIP3 in ventricular myocytes and 

hypoxia -induced mitochondrial integration of the endogenous BNIP3 
is suppressed by BNIP3ATM. BNIP3 provoked 
widespread cell death of ventricular myocytes. 



L6 ANSWER 4 OF 
ACCESSION NUMBER 
TITLE: 



CA COPYRIGHT 2 006 ACS on STN 
137:349637 CA 

Hypoxia, BNip3 proteins, and the mitochondrial death 
pathway in cardiomyocytes 
Crow, Michael T. 

Department of Medicine, Johns Hopkins University, 
Baltimore, MD, 21224, USA 

Circulation Research (2002), 91(3), 183-185 
CODEN: CIRUAL; ISSN: 0009-7330 
Lippincott Williams & Wilkins 
Journal; General Review 
English 

A review discusses the role of BNip3 , a hypoxia- inducible member of the 
Bel -2 family of the apoptotic regulators, in mediating cardiomyocyte cell 
death. BNip3 expression is significantly increased in response to 
hypoxia, enforced BNip3 expression causes cell death in normoxic 
cardiomyocytes, and enforced BNip3 mutant expression lacking its 
transmembrane domain partially blocks hypoxia- induced cell death. BNip3 
play an essential role in the cellular response to hypoxia because its 
expression is regulated by the hypoxia- inducible factor transcription 
complex, its activity is tied to the Bel -2 family of apoptosis regulators, 
and it is localized to the mitochondria, a site where numerous cell death 
regulatory pathways converge . 
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